Photorespiration is a light-induced uptake of 02 and release of CO2 that occurs in plants which fix atmospheric CO2 directly by RuDP2 carboxylase. It is stimulated by high 02 and low CO2 concentrations, inhibited in low 02 and high CO2 environments, and causes the characteristic CO2 compensation concentration of about 40 ,ul C02/l observed in leaves of C3 plants in 21% 02 at 25 C. Because photorespiration reduces the efficiency of photosynthesis with no demonstrable benefit, some investigators consider it to be an unnecessary and wasteful process (5, 13, 14, 33) . Growth of C3 plants in high CO2 or low 02 relative to atmospheric concentrations, conditions which inhibit photorespiration, greatly increases dry matter accumulation (1, 3) . Thus, the elimination of photorespiration by genetic or chemical means is thought to be a promising approach for increasing the productivity of C3 plants. Methods suggested for controlling photorespiration include reducing the synthesis of glycolic acid, a photorespiratory intermediate, by altering the kinetic properties of RuDP carboxylase (13, 14) or by inhibiting an undescribed pathway of synthesis (33) . Alternatively, photorespiration may be reduced by applying inhibitors of glycolate metabolism so that glycolate, once formed, cannot be oxidized to CO2 (29) .
The substrate of photorespiratory CO2 release is still uncertain, although it is most likely either glycine (24) or glyoxylate (31) . The use of specific inhibitors of glycolate metabolism may help to resolve this question, and provide additional evidence on the sequence of carbon flow through the photorespiratory pathway. The response of cell photosynthesis to these inhibitors will also provide information on their suitability for use as plant growth regulators for increasing photosynthetic efficiency of crop plants. MATERIALS (Fig. 1) . HPMS also severely inhibited photosynthesis in leaves of tobacco (19) and soybean (22) and in isolated spinach chloroplasts (12) . In the latter case, inhibition of photosynthesis by HPMS was described as being nonspecific. Photosynthesis in soybean cells was inhibited to the same extent in 2% or 100% 02, and inhibition was noncompetitive with respect to bicarbonate concentration (data not shown).
INH. Isonicotinic acid hydrazide inhibited the conversion of glycine to serine in Chlorella (16, 17) and in leaves of higher plants (2, 11) . Incubation of soybean cells in INH stimulated incorporation of 14C into glycine, and decreased incorporation into serine and insoluble material (starch) (Fig. 2) immediately initiated with 2 mm bicarbonate and terminated after 15 min. Control (assayed as above but without HPMS) rate of photosynthesis was 11.6 I.mol C02/mg Chl * hr. (26) and higher plant glycolate oxidase (7) . The butyl ester of 2-hydroxy-3-butynoate was found to penetrate readily soybean leaf cells at assay pH and irreversibly inhibit glycolate oxidase. Figure 4 shows the effect of increasing BHB concentration on the per cent of 14C incorporated into glycolate, glycine, and insolubles. Maximum per cent incorporation of 14C into glycolate occurred when cells were preincubated in 0.5 mm BHB. Since BHB is an irreversible inhibitor of glycolic oxidase, it was not necessary to add it to the assay medium. Concomitant with glycolate accumulation was the almost complete inhibition of glycine synthesis. This inhibition is particularly evident in the presence of INH and indicates that not only is glycine a product of glycolate metabolism, but that all of the labeled glycine is derived from glycolate. It does not appear that glycine is synthesized from serine. The percentage of "4C fixed into glycolate in the presence of BHB was always about twice the amount of glycine synthesized in the presence of INH. INH had no effect on the percentage incorporation of 14C into glycolate by BHB-treated cells (Fig. 4) .
INH had been reported previously to inhibit glycolate synthesis in tobacco leaf discs in the presence of HPMS (32) .
In the presence of BHB, the percentage of "4C incorporated into glycolate increased with increasing 02 concentration to a maximum of 90% at 100% 02 and 0.5 mm bicarbonate (Fig.  5) . Percentage (24) . All of the glycine synthesized was derived from glycolate. Glycine was metabolized to serine, but not all of the serine was derived from glycine. Under air levels of CO2 and 02, about half of the serine was synthesized by the glycolate pathway and half by another pathway, perhaps from P-glycerate. Therefore, it is not correct to assume that serine biosynthesis is an in vivo assay for photorespiratory activity (15, 23) .
The patterns of glycolate and glycine accumulation as functions of CO2 and 02 concentrations were similar, as expected if glycolate is a precursor of glycine. Increasing 02 concentration increased the absolute rate of synthesis and the percentage incorporation of 14C into these compounds, and increasing bicarbonate concentration reduced the rate of synthesis and percentage incorporation. The percentage incorporation of 14C into these compounds was found to be strongly dependent on the 02/CO2 concentration ratio. This relationship is clearly seen in Figure 7 , where the per cent of 14C incorporated into glycolate and glycine is plotted versus the 02/CO2 ratio present during photosynthesis. The percentage '4C incorporated into glycine was always about one-half the percentage incorporated into glycolate. The reason for this difference is not known. It is inconsistent with the proposed scheme of peroxisomal metabolism (5, 24) in that it indicates that a constant proportion of glycolate is metabolized to products other than glycine.
HPMS and INH inhibited "4CO2 release from both finding that BHB and INH inhibit glycolate and glycine metabolism, respectively, but do not alter F is inconsistent with current theories that these compounds are precursors of photorespiratory CO2 (5, 24, 32) . INH and HPMS also failed to reduce F when supplied to intact soybean leaves (22) . These observations suggest that the substrate of photorespiratory CO2 precedes glycolate in the pathway, but firm conclusions on this point require additional data.
The average rate of glycolate synthesis by tobacco leaf discs in the presence of HPMS was measured to be 67 ,umol/g fresh wt hr (32) . Soybean cells under atmospheric concentrations of CO2 (0.5 mm bicarbonate) and 02 (21%) accumulated glycine, in the presence of INH, and glycolate, in BHB, at rates of 14 and 23 ,umol/g fresh wt hr, respectively, based on 4 mg Chl/g fresh wt. A similar rate of glycolate synthesis has been reported for pea leaf discs (7) . Zelitch (28) reported that in 21% 02 and 10 mM HPMS, about 50% of the 14C fixed by tobacco leaf discs was incorporated into glycolate. In the present study, under air levels of CO2 and 02, BHB-treated soybean cells accumulated about 55% of the 14C fixed into glycolate (Fig. 5) . Warburg and Krippahl (27) reported that Chlorella incorporated about 90% of the carbon fixed into glycolate under 100% 02 and 500 ll/1 CO2. Under similar 02 and CO2 levels, BHB-treated soybean cells incorporated about 90% of the 14C fixed into glycolate when BHB was present. From these data it appears that the ratio of glycolate synthesis to photosynthesis is a reproducible characteristic of C3 plants, and is dependent on the external CO2 and 02 concentrations. The mutual antagonism between CO2 and 02 with respect to photosynthesis and glycolate synthesis, and the reproducible stoichiometry of this antagonism (Fig. (Fig. 6) . The enhanced 02 inhibition caused by these compounds likely occurred because they prevented glycine or glycolate carbon from being recycled back into the Calvin cycle, leading to a depletion of Calvin cycle intermediates, particularly RuDP. Such a mechanism of 02 inhibition has previously been suggested in chloroplast photosynthesis (6, 18) . Isolated chloroplasts do not contain enzymes of the glycolate pathway, so as in INH-or BHBtreated cells, glycolate carbon cannot be returned to the Calvin cycle.
INH appeared to block completely the conversion of glycine to serine and BHB completely inhibited glycolate oxidase. However, BHB was a considerably more potent inhibitor of photosynthesis under conditions of photorespiration (Fig. 6 and Table I ), indicating that BHB keeps more carbon out of the Calvin cycle than does INH. This is consistent with the suggestion made earlier in the discussion, based on the observation that glycine accumulation was always less than glycolate accumulation (Fig. 7) , that not all glycolate is metabolized to glycine during photorespiration. The data indicate a branch point in the glycolate pathway between glycolate and glycine, and that about one-half of the glycolate is metabolized to glycine and the remainder is recycled back to the Calvin cycle. Current schemes of photorespiration consider that glyoxylate is the only intermediate between glycolate and glycine (5, 24, 31) . If true, then the branch point must be either at glyoxylate or glycine. The stoichiometry of about 1:1 between the proportion of glycolate carbon metabolized to glycine and that apparently returned to the photosynthesis cycle may be helpful in determining the mechanism of carbon distribution at the branch point.
In leaves and untreated leaf cells, 02 reduces photosynthesis by competitive inhibition of CO2 fixation and by stimulation of photorespiratory CO2 evolution (9, 13, 14, 20) . The magnitude of this inhibition, at air levels of 02 and C02, is about 30%. In isolated chloroplasts, and in cells treated with a photorespiration inhibitor, photosynthesis is inhibited by 50 to 80% under the same conditions (6, 18; Fig. 6 ). Thus, inhibition or removal of the glycolate pathway at atmospheric concentrations of CO2 and 02 is severely deleterious to photosynthesis, and it is essential that glycolate, once synthesized, be metabolized through the complete photorespiratory pathway if normal photosynthesis rates are to be maintained. This means that increasing photosynthetic productivity by inhibition or alteration of the glycolate pathway is not feasible, and that the search for chemical or genetic control of photorespiration must focus on reducing or preventing the diversion of carbon from the photosynthesis cycle into the glycolate pathway. This might be achieved by alteration of the kinetic characteristics of RuDP carboxylase so that the rate of carboxylation is increased relative to the rate of oxygenation (13, 14) . 
